Stimulation of Epiphyseal Growth in Short Legs
By David Le Vay MS (London) Stimulation of epiphyseal growth in short legs by local procedures on the bones can yield a modest but useful degree of success more consistently than one has been led to believe. The literature suggests that these procedures are unreliable and that any improvement they may afford is inconsistent and inadequate.
The methods available include operations on the shafts of the long bones and interventions at the metaphyses or epiphyses and they have a long history.
As far back as 1869 Langenbeck, impressed by the overgrowth sometimes seen after osteomyelitis, inserted ivory pegs in the tibia and femora of dogs with positive results. Other animal experimenters since have used juxta-epiphyseal inserts of varying composition but generally with negative, inconstant or trivial results. In 1952, however, Pease reported on 7 children with shortening from poliomyelitis in whom he had implanted ivory or metal screws at the tibial and femoral metaphyses around the knee. All overgrew; the maximum gain was 2-2 cm at the femur and 1-3 cm at the tibia and the maximum overall gain in any case was 3-0 cm. In 1956 Carpenter & Dalton reported on 30 patients after insertion of ivory pegs at the distal femur and proximal tibia; the results were poor; 26 improved, but not sufficiently to justify operationthe gain was only 0-25 in (6 mm) or less in 21 children and reached 1 in (2-5 cm) in only 1 patient.
The best-documented work on stimulation by metaphyseal pegging as an isolated procedure is by Tupman (1960) . His Alton cases were entirely negative but, at Bath, operating on children with increasing leg-length discrepancy after poliomyelitis, it did prove possible in about half the cases to slow down the rate at which discrepancy was increasing and very occasionally to arrest it; but in no case was the shortening diminished. The best results were obtained at ages 6-12 and the worst at 12-15 and Tupman advised early operation without waiting for the growth spurtat puberty and he also advised repeated operation if necessary, though he does not seem to have carried this out himself.
Periosteal stripping which seems at first sight to be a very different approach, goes back at least as far as 1937, when Wu & Miltner showed in animals that complete stripping of the periosteal tube would give an increase of 5-15 % over normal growth over a limited period. In 1947 Lacroix recorded clinical elongation after periosteal stripping and in 1948 Bertrand noted that stripping between the ages of 5 and 10 years could be uniformly depended on to yield overgrowth of 1-3 cm, so that when shortening did not exceed 5 cm it was usually possible to dispense with a surgical shoe. Frejka & Fait (1958) reported a considerable experience with paralysed children in whom they stripped the periosteum from the tibia and made longitudinal saw-cuts down the length of the shaft. They noted a modest but consistent gain of 1-3 cm, all of which was acquired in the first 12 months after operation. Several reportshave come from the Argentine in the 1960s from Sola and his colleagues using periosteal stripping both in animals and in children after poliomyelitis; in the latter discrepancy was decreased in over 80% of cases and the correction was often good and there were no fractures (Sola et al. 1962 (Sola et al. , 1963 .
Our knowledge of the vascular supply to an immature long bone and the effects of different methods of interrupting this supply (Fig 1) we owe to Trueta and his colleagues at Oxford (Trueta 1958 , Trueta & Amato 1960 , Trueta & Morgan 1960 , Trueta & Cavadias 1964 .
In the long bone with patent epiphyseal plates the epiphyseal circulation is entirely separate from that of the shaft, except possibly for some minor perichondral anastomoses. The shaft is supplied by periosteal and nutrient arteries. The periosteal vessels supply only the superficial part of the cortex but anastomose freely with branches of the nutrient artery. The nutrient artery enters the medullary canal and divides into ascending and descending branches. These supply the marrow and the greater part of the compact bone of ihe shaft; they terminate by subdividing to supply the metaphyses and the greater partthe central fourfifthsof the growth plates on their shaft aspect.
It is essential to distinguish clearly between the very different functions of the two sets of vessels supplying the growth plate. The epiphyseal vessels supply the metabolic requirements of the cells of the growth plate; they nourish the proliferating cartilage cells and they are the only vessels that do so; the metaphyseal vessels remove degenerate cells and promote calcification of the matrix and the laying down of lamellar bone: i.e. the epiphyseal circulation is concerned with multiplication of chondrocytes and growth in length and the metaphyseal circulation with absorption, remodel-ling and ossification. If the metaphyseal vessels are interrupted, calcification comes to a stopthat is, until the area is revascularizedbut the hypertrophic cartilage cells in the columns of the growth plate multiply and the columns increase in length.
Simple division or ligation of the nutrient artery outside the periosteum has no significant effect on the life of the shaft or on the circulation in the territory of the nutrient artery because of abundant compensatory flow from the periosteal vessels. But interruption of the flow through the flow, though radiological evidence is not seen in children treated in this way. Metaphyseal isch.emia is what matters in promoting epiphyseal growth and it can be secured either by interference with the shaft as describedstripping the periosteum or blocking the medulla -or, more directly, by local interference at the metaphysis. This can be done by simple curettage or by inserting plastic materials or metal or bone implants; the factor common to all these procedures is local damage to the metaphyseal vessels. We do not know for certain whether interference with nutrient flow in the shaft and destruction of the D-. C. outside the periosteum does not disturb the intraosseous circulation. B, periosteal stripping and c, blocking the medullary canal both produce metaphyseal ischamia. This can also be secured by, D, the local interference ofpegging. In B, c and D there is stimulation of the epiphyseal circulation medullary vascular bed causes necrosis of the marrow and the greater part of the shaft cortex corresponding to the nutrient territory and the pattern of ischmmia is the same however this is donewhether by blocking the medullary canal or by complete stripping of the periosteum. This is accompanied by increased thickness of the growth plate, increase in depth of the columns of cartilage cells, and increase in size and number of the epiphyseal vessels. It would be naive to suppose, as some authors have suggested, that the increased epiphyseal circulation represents a simple mechanical rerouting of blood from the bed of the nutrient artery. In fact, the epiphyseal circulation expands as a consequence of increased activity in the growth plate and not as its cause; it is a secondary manifestation that occurs as a reaction to the development of an infarcted or ischmmic area at the metaphysis.
In animals there is often very clear radiological evidence and always histological evidence ofmetaphyseal infarction after interrupting the nutrient metaphyseal circulation are approximately equivalent in stimulating growth or whether they are to some extent additive. But it may be wise in clinical practice to assume that they are additive to some extent, if only because the vascular disturbances they cause are of different nature and duration.
Clinical Approach Trueta has told us that simple blocking of the medullary canal of the femur will give up to 3 5 cm overgrowth in a considerable proportion of cases. Esteve (1966) referred to 55 children with leg-length discrepancy after poliomyelitis treated by a combination of Trueta's medullary block and periosteal stripping; most of these were done at the tibia only, 8 in both tibia and femur. The results were generally good. An increasing discrepancy could be reversed. The greatest correction was just under 3 cm and the usual correction was 1'5 cm. The improvement did not always persist and in some cases lasted for only 16 months. I decided, in a series of 7 cases, to combine complete periosteal stripping of the femur and tibia with insertion of bone pegs at both metaphyses at the knee. This was done in two stages. At the first operation the tibia was completely stripped from one epiphysis to the other, leaving the entire shaft without any soft tissue attachments whatever, and three or four bone pegs were inserted at the upper metaphysis after local curettage (Fig 2A) . Two or more weeks later the femur was stripped from the lower growth plate to the lesser trochanter and bone pegs were placed at the lower metaphysis after curettage. There were no complications. Knee movement took a few weeks to recover in one or two children, no varus or improvement has been more consistent than usual and the maximum gain of 1 625 in. (4-1 cm) rather higher. The mean time taken to reach maximum improvement is recorded as fourteen months but is probably less than this since the children were not being seen at very frequent intervals. It is of interest that in Cases 1 and 3 the shortening was exactly compensated, but not exceeded; and I do not know of any case where a short leg has been stimulated to grow longer than the sound side, even when this was theoretically possible.
My cases were selected inasmuch as all the children were under 10 and the shortening was 2 in. (5 cm) or less in most cases and not increas- Both tibial and femoral metaphyses have been pegged; growth is displacing the pegs away from the epiphysealplates valgus deformity developed, there was no X-ray evidence of infarction and there were no pathological fractures (Fig 2B) .
The cases are listed in Table 1 . With the exception of Case 2, where a temporary gain of 0-5 in.
(1-3 cm) regressed to 0 25 in (6 mm), there was a modest but satisfactory and rather uniform degree of success, even in the one case of congenital shortening; and the period of observation is such that the improvement may reasonably be regarded as permanent. The mean gain has been 1-375 in. (3 5 cm) which is the same order of magnitude as reported by other workers; but the ing. It has been very valuable to learn that in such casesa young girl, for instance, who is 2 in. (5 cm) shortone can, using this method, confidently expect a gain of 1 in. (2-5 cm) and reasonably hope for a gain of 1-5 in. (3-8 cm), with all that this means in being able to get rid of a surgical shoe.
Obviously, if the discrepancy is greater, or increasing steadily, or if there is only minor inequality in boys, one might hesitate before performing this operation, even though it seems devoid of risk. One might hesitate, too, if some destructive procedure such as pantalar fusion were scheduled for eventual performance which might add substantially to the shortening and take it out of range of reasonable relief by epiphyseal stimulation.
One is left with certain unanswered questions: (1) What is the best age to operate? Growth does not go on uniformly in children and one might think that puberty would be the best time. The consensus of opinion seems to be that there is no point in waiting and that the best results follow operating while the child is under 10.
(2) Should the procedure be repeated, once the initial improvement has come to a halt? We know that, in dogs, a second periosteal stripping will routinely double the gain produced by a first operation but I do not think this has been tried in children. As regards metaphyseal pegging, since X-rays reveal that these pegs are rapidly carried away down the shaft it would seem reasonable to consider inserting a fresh set after six or nine months. I do not know if this has been tried clinically.
My own feelings now, with hindsight, are that these children should be carefully observed at monthly intervals after operation and, as soon as improvement has come to a standstill, probably around twelve months if not earlier, then the whole procedurestripping and pegging of both bonesshould be repeated. It may be that in this way one might sometimes be able to obtain corrections of as much as 2 in. (5 cm).
But, of course, the opportunities are no longer at hand. We do not have these young children in our clinics any more now that poliomyelitis has been abolished, and suitable cases of shortening due to injury or infection are few and far between. It may be thatin this country at any rate -this is going to remain an unsolved problem. In a comparative series of 75 femoral osteotomies using internal fixation in equal numbers with the nail and plate, the spline and the compression blade plate designed by Muller, the latter group offers the advantages of operative precision, and more rapid post-operative mobilization and union of the osteotomy. 
